term is the mass entrainment, over an entire transport event, of the grains found within a particular area at the start of the event. With this approach the proportion of a fraction that is active is considered separately from the frequency of entrainment of the active grains. The spatial entrainment used here may be measured in the field by replacing a volume of the bed with tracer gravels [Wilcock et al., 1996] and recording the proportion or mass of grains removed by the transport event. When this field measure of spatial entrainment is divided by the area of the sample and the duration of the event, the resulting mass entrainment rate will be much smaller than that obtained by directly observing the number of grains entrained per area and time (as with movies). The latter is larger by a factor equal to the mean number of displacements per grain that occur during the event.
In this paper, approximate relations for the individual transport components are developed using observations of fractional transport rate, bed-surface size distribution, and the mobilized proportion of individual size fractions over the duration of flume runs of different flow strength. These relations are used {o illustrate the relative contribution of each transport cornponent to the variation of fractional transport rate with grain size and flow strength. The unmodified component relations are then applied to independent transport observations from a gravel-bed river in order to evaluate their general applicability.
Partial transport is a measure of incipient motion based on the proportion of grains entrained at least once during a transport event. An entirely different measure of incipient motion conditions is the reference shear stress •¾i, which is defined as the shear stress that produces a small reference value of a dimensionless transport rate. Because 'rri is defined using transport rates, without regard to the source of the grains, the proportion of the bed surface mobilized under reference transport conditions cannot be determined from the information used to calculate r,.i. One objective of this paper is to demonstrate the degree of bed mobilization associated with zri. Because r,.i is easily and commonly determined from typical measurements of transport rate, a means of forecasting the mobilized proportion of the bed at 'rri provides a broader physical interpretation of transport measurements and a basis for estimating the potential grain sorting and sediment exchange between the bed surface and subsurface.
Definition of Transport Components
To account for partial transport, a set of transport components should include a term representing the mobile proportion of each fraction and must, therefore, be referenced to the population of grains on the bed surface at some initial time. To facilitate comparison among different size fractions, flows, and sediments, the individual components should also be defined so that they may be expected to take constant mean values under conditions of steady state transport, so that individual terms do not become arbitrarily large with increasing flow duration or period of observation. An appropriate set of com- 
Experimental Observations
The experimental observations used here to develop specific functional relations for the components in (I) were collected from flume runs using a range of flow strengths and a widely sorted sand/gravel mixture [Wilcock and McArdell, 1993 --en en
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of Y; with bed shear stress TO and grain size D; , which demonstrates the nature and domain of partial transport, are given in a companion paper [Wilcock and McArdell, this issue] . The salient results of these experiments are summarized in Figure  1 and are briefly described here.
ure Ib) so that at a particular TO, the range of sizes in a state of partial transport is between a factor of 2 and 4.
The mobile proportion of each fraction on the bed surface Y; decreases with grain size D; and increases with bed shear stress TO (Figure la where W,*. is the dimensionless transport rate defined in (2) and W*• is the reference transport rate, taken to be 0.002. Equation The transport component relations developed for the laboratory case are used, unmodified, to predict the fractional transport rates for Oak Creek, a small gravel-bed river. A reasonably good fit is found between predicted and observed fractional transport rates. Partial transport is predicted to occur for the coarsest half of the sediment, even though all sizes are entrained over a narrow range of %. When plotted as a function of grain size, both predicted and observed fractional transport rates show a similar decrease with grain size, further supporting the conclusion that partial transport occurs for the coarser sizes, even though rri varies little with grain size.
The fractional transport component relations presented here do not comprise a complete model for predicting fractional transport rates, primarily because an independent estimate of %.i is needed to determine the displacement frequency and the mobile proportion of each fraction. Although some empirical [e.g., Wilcock, 1993] and theoretical [e.g., Wiberg and Smith, 1987] basis exists for estimating r,i, spatial entrainment, displacement frequency, and transport rate are all sensitive to %/r,.
• at values approaching 1 so that uncertainty in either % or r,.i can produce a large predictive error.
The mobilized proportion of the bed surface is of interest in any problem involving grain sorting between the transport and the bed or size-dependent dispersion of sediment through a river system. With specified values of rri, as may be determined with a few observations of flow and transport at small transport rates, the entrainment function proposed here provides a basis for predicting the immobile proportion of the bed surface and its variation with %.
